ABSTRACT BACKGROUND: Postoperative serum inflammatory cytokine levels are thought to reflect the magnitude of surgical stress. Cytokine interleukin-6 (IL-6) is an early marker of systemic inflammatory response and tissue damage. This study evaluated levels of IL-6 after open and laparoscopic appendectomy to compare the degree of surgical stress associated with these procedures.
surgery and risk of bride ileus or incisional hernia, which are not life-threatening. [1] There is much lower incidence of perioperative trauma causing critical complications during aggressive surgical treatment of acute appendicitis with laparoscopic appendectomy compared to open conventional surgery. The aim of the present study was to evaluate cases of laparoscopic and open technique appendectomy due to diagnosis of acute appendicitis using interleukin-6 (IL-6) response, a measure of surgical stress, to compare methods of surgical intervention. 
MATERIALS AND METHODS

INTRODUCTION
Although its characteristics and treatment have been accurately defined, acute appendicitis is an urgent surgical condition that can have high mortality and morbidity rates secondary to perforation as result of delayed decision to operate. Therefore, the general tendency is in favor of operating before clinical findings are completely sustained. Consequently, negative appendectomy rates are as high as 30%, which is considered acceptable worldwide. [1] Negative appendectomy has a negligible mortality rate and only 10% morbidity. Majority of morbidities are traumas due to perioperative Bartın et al. Evaluation of the open and laparoscopic appendectomy operations with respect to their effect on serum IL-6 levels patients who had laparoscopic appendectomy, and Group 2 consisted of 100 patients who underwent conventional open appendectomy.
Patients with cardiovascular or pulmonary system disorders, history of abdominal surgery, known allergic history to agents used, history of preoperative anti-inflammatory drug use, infection within abdominal wall, portal hypertension or hepatic cirrhosis, antibiotic medication use, or immunodeficiency were excluded from the study. Unconscious or non-cooperative patients, pregnant patients, and morbidly obese patients were also excluded.
All patients observed preoperative 8-hour period of oral fasting. Premedication, induction of anesthesia, endotracheal intubation, and maintenance of anesthesia were performed according to hospital protocols. Cefazolin sodium 1 gr was administered intravenously as prophylactic antibiotic after induction of anesthesia.
Five cc venous blood samples were obtained from upper extremity veins just before and 24 hours after the operation for serum IL-6 level testing. Blood samples were taken in dry test tubes and then immediately centrifuged at 3000 rpm for 10 minutes. Top layer of serum was aspirated and put into snap-cap Eppendorf tubes (Eppendorf, Hamburg, Germany) and stored at -70°C in Aeroset refrigerator (Abbott Laboratories, Chicago, IL, USA) in order to perform measurements using spectrophotometry as well as routine tests.
McBurney incision was used to enter abdomen of 84 of the patients who underwent open appendectomy and subumbilical median incision was used on 4 patients and paramedian incision was used on 12 patients. All laparoscopic appendectomies were completed using intra-abdominal method with a total of 3 ports. Intra-abdominal area was explored using a 10 mm port inserted through the umbilicus. Second 10 mm port was inserted into the abdomen with a direct view at a point approximately 10 cm below the umbilicus and through the linea alba. The final port, 5 mm in size, was inserted into the abdomen through the intersection point of midclavicular line and subcostal arch with a direct view. A silastic drain was used on 11 patients who underwent open appendectomy and 5 patients who underwent laparoscopic appendectomy. Intraoperative macroscopic findings of the patients were recorded. After the operation, pathological results of appendix material and duration of hospital stay were recorded. Serum samples were tested using enzyme-linked immunosorbent assay method. Specificity and sensitivity of the kit were 90% and 95%, respectively. [2] Comparison of group means with respect to continuous variables was performed using one-way analysis of variance. Duncan's multiple range test was used to compare the 2 groups. Pearson correlation coefficient was used to determine the association between continuous variables and chi-square test was used for categorical variables. Level of statistical significance was 5% (p<0.05) and SPSS statistical package software (version 16.0; SPSS Inc., Chicago, IL, USA) was used for data analysis, including Mann-Whitney U test and Friedman test. 
RESULTS
Distribution of the Demographic Data
No statistically significant difference between groups was found in the demographic data (p>0.05); the distribution is presented in Table 1 .
Distribution of the Histopathological Diagnoses
No statistically significant difference with respect to histopathological diagnoses was found between the groups (p>0.05); the distribution is presented in Table 2 .
Preoperative and Postoperative IL-6 Level
No significant difference was found between Group 1 and Group 2 patients with respect to IL-6 levels in the preoperative blood samples (p<0.05). A statistically significant difference was found when comparing preoperative and postoperative serums IL-6 levels in Group 2 patients (p<0.001).
When postoperative serum levels were analyzed; IL-6 levels were higher in Group 2 than in Group 1 (p<0.001). A positive correlation was observed between Group 2 and Group 1 (r=0.45; p<0.001).
Preoperative and postoperative IL-6 levels are presented in Table 3 .
Duration of Hospital Stay
The duration of hospital stay was statistically lower in Group 1 compared to Group 2 (p<0.05) Hospital stay data are presented in Table 4 .
DISCUSSION
IL-6 plays an important role in regulation of inflammatory cells in the immune system; it participates in either proinflammatory or anti-inflammatory reactions. Free tissue injury and infections are the major factors that trigger synthesis of IL-6. It affects the immune system via pattern known as hepatic acute-phase reactions. In this process, cytokines increase the release of acute phase proteins by behaving as general antibodies. Though IL-6 increases to a certain degree in response to infection, serum IL-6 level generally increases in reaction to damage of free tissue. Therefore, IL-6 levels don't increase greatly in the picture of acute appendicitis as result of infection in the gastrointestinal system but do increase in cases where tissue damage occurs due to surgical intervention. [3] [4] [5] In a study that supports this conclusion, Yildirim et al. [1] investigated leukocyte count, IL-6, and C-reactive protein (CRP) levels in patients with prediagnosis of acute appendicitis. They stated that leukocyte count and CRP levels may be helpful in diagnosis of acute appendicitis. However, they did not evaluate increase in serum IL-6 level as particularly statistically significant with respect to diagnosis of acute appendicitis.
Bachmann et al. [6] determined in literature reviews that inflammatory predictors such as IL-1, IL-2 and IL-10 may provide diagnostic contribution with a low error rate for inexperienced physicians and surgeons. It has been stated that serum levels of these predictors increase significantly in complicated appendicitis, whereas less of an increase occurs in serum levels of IL-6 and IL-8. [7] Instead, IL-6 and IL-8 levels see greater increase secondary to perioperative trauma. [6, 8] Serum levels of IL-6 were analyzed in the present study because of this response of these cytokines to stress such as surgical trauma.
Yahara et al. [9] observed in their study that CRP and granulocyte/monocyte colony-stimulating factor levels were high in tissue samples obtained from peritoneal cavity of patients operated on laparoscopically and with open surgery due to diagnosis of acute appendicitis. Preoperative and postoperative CRP and granulocyte/monocyte-colony stimulating fac- tor levels of these patients were also high. High preoperative IL-6 levels were detected but were not statistically significant. However, postoperative elevation of this interleukin in conventional surgery patients was significantly higher than in those who had laparoscopic surgery. As expected, total leukocyte and neutrophil counts were high in preoperative period and also in postoperative period after exposure to stress of surgical trauma. In particular, increased neutrophil count may be accepted as a useful marker to indicate level of inflammation in diagnosis of acute appendicitis. [10] [11] [12] As in the literature, the present study also found that the difference in serum IL-6 levels tested preoperatively between Group 1 patients (65.7±6.3 pg/mL), who had laparoscopic appendectomy, and Group 2 patients (65.2±4.7 pg/mL), who underwent conventional appendectomy, was low and statistically insignificant (p=0.752). The serum IL-6 levels tested at postoperative 24 th hour in both groups (76.1±16.1 pg/mL in Group 1 and 105.2±16.1 pg/mL in Group 2) were remarkably high, especially in the conventional surgery patients, and the finding was statistically extremely significant (p<0.001).
Less surgical trauma in appendectomy leads to early recovery and return to full activity, as was supported by a large-scale meta-analysis conducted by the Cochrane Colorectal Cancer Group. [13] Minimal trauma to abdominal wall during trocar placement and minimal manipulation of intestine causes less pain and encourages faster recovery. [14] The secondary finding of the present study was that mean duration of hospital stay of laparoscopic appendectomy patients was found to be statistically significantly shorter. This advantage of laparoscopic appendectomy was also noted in recent meta-analysis conducted by Sauerland et al. [15] Over time, surgical methods have evolved from open surgery to less invasive techniques. Laparoscopic surgery has also been subject of evolution. Recently, Concha et al. [16] published a review study in which single-incision laparoscopic appendectomy was acknowledged as applicable and comparable procedure in selected patients.
Conclusion
Surgical interventions create trauma in the body and thereby induce systemic stress response. We have concluded that surgical stress induced by laparoscopic appendectomy is less severe than conventional method of surgical treatment of acute appendicitis.
Additionally, the authors observed that hospital stay was shorter for patients who underwent laparoscopic appendectomy compared to open surgery.
